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Abstract

Acinetobacter venetianus is a non-motile coccobacilli bacterium that is aerobic, gram-negative, has positive
catalytic activity, and exhibits negative oxidative behavior. Enormous data on hypothetical or uncharacterized
proteins are available in the genomic database of the bacteria. Therefore, appropriate bioinformatics tools are
essential for gaining a complete understanding of the bacterial genome. Several bioinformatics approaches were
used in this study to determine the prognosis of structural and functional data of the targeted hypothetical protein.
An in-silico approach was used to determine several features of the hypothetical protein (HP) (ABC47680) and
compare the sequences of related proteins. Various bioinformatics tools were used, including NCBI-search,
MEGA-7, ExPASy ProtPram, PSORTb, SWISS-MODEL, and PSIPRED for secondary structure predictions.
Physicochemical properties, subcellular localization prediction, and identification were performed, followed by
subsequent examination using several approaches. An alpha helix with an extended strand was the secondary
predicted structure. After validating with different servers, the tertiary structure of the protein with maximum
similarity in our study was revealed. Through functional annotation, the ParE toxin superfamily was discovered
as domain containing an oligonucleotide-binding (OB)-fold protein with a beta barrel, and it’s a virulent protein.
The OB fold protein is involved in ribonucleic acid (RNA) binding, while ParE is involved in deoxy ribonucleic
acid (DNA) damage repair and environmental stress response. The protein promotes plasmid partitioning while
inhibiting the process of DNA replication and cell development. Our study on in silico prediction of hypothetical
protein Acinetobacter venetianus could be used to combat crop pests, human activities, and distinctive
environmental purposes.
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1. Introduction

Acinetobacter venetianus was named after the Italian city of Venice, where it was discovered in the Adriatic
Sea lagoon of Venice. According to its phenotypic traits, Acinetobacter venetianus exhibits negative oxidative
behavior, strictly aerobic, gram-negative, shows positive catalytic activity, and does not have motile coccobacilli.
Deoxy ribonucleic acid (DNA) guanine (G), cytosine (C) content is 34.9-47 percent, non-motile, non-fastidious,
and belongs to an opportunistic pathogen with a synthetic biotechnological conveyor [1]. It acts as a source of
nitrogen using ammonia and sole carbon genesis by growing in mineral media with acetate [2]. Acinetobacter
venetianus bacteria was isolated from an oil-degrading environment, and the habitat was swallowed with activated
sludge [3]. Acinetobacter genus was identified from several agricultural soils, forest soil, seawater [2], wetlands
[4], etc. While working on finding novel characteristics of the bacteria, researchers found considerable interest in
analyzing various databases of its genome. Computational biology has evolved at such a pick position that
different server and web tools have been built up for predicting the function of the unidentified proteomic
organism, the similarity of protein sequences, active site identification, localization in the sub-cellular organism,
driving phylogenetic analysis, gene expression, motif, conserved domain analysis, and protein-protein interaction



[5]. The unknown function of any gene which is present in an organism's genome is known as hypothetical protein
[6], and its existence isn’t proven yet but can be visualized through an open reading frame (ORF) [7]. Around half
of the proteins in the genome are classed as hypothetical proteins, which have some circumstantial evidence of
genomic and proteomic features [8].

Uncharacterized protein families (UPF) have proof of existence without any characterized gene, whereas the
domain of unknown functions (DUF) has no functional domain [9]. The cellular function of hypothetical protein
(HP)s containing predictable structure, pathway, modeling, and sequencing could be done through proteomic
analysis and homology-based annotation [10]. HPs analysis by different bioinformatics tools can define the
pharmacological target for drug designing for various diseases [11]. By practicing in-silico analysis through
bioinformatics tools, functional annotation of the unidentified protein can be identified.

The HPs of Acinetobacter venetianus (ABC47680) were used to find out biological, physicochemical, and
structural functions for future up-gradation of the protein bacteria. The homology modeling technique was used
to assess the model of the protein. Prediction of similarity, subcellular localization, active site detection, and
protein-protein interaction was minutely analyzed. The current study's findings can be used to determine whether
bacteria can survive in extreme conditions and produce toxic, biodegradable organic products. Metabolic pathway
synthesis was performed along with soil remediation. Acinetobacter spp. elect National Health Commission
(NHCs) and use them in printing dyeing industries [12]. The functional annotation can lead to a new
biotechnological approach conforming to conventional annotation. A study was carried out to characterize the
HPs of many bacteria species, but not on this particular bacterium [13,14]. So far, no work has been organized on
the new protein that has been hypothesized through our study. This proteomic analysis will unravel the modern
branch of opportunities for entomologists, and it will serve as a surfactant and an oil-degrading agent. This
research is being carried out to learn more about the bacteria's functional and structural characteristics so that they
can be used more successfully in human life and environmental development in the future. Because there hasn't
been much detailed research on the protein of this novel developing bacteria, the purpose of this study is to conduct
a systematic analysis through computational investigation on a functional protein sequence.

2. Materials and methods

2.1 Sequence retrieval and uniformity identification

Fourteen genomes are available in the National Center for Biotechnology Information (NCBI)
(https://www.ncbi.nlm.nih.gov/) database of Acinetobacter venetianus. A HPs (ABC47680) containing 107 amino
acids was selected for the study. The primary sequence of the protein was retrieved in FASTA format. A similarity
search was conducted to forecast the activity of the intended suppositional protein. For finding structural
similarities, NCBI database with non-redundant and SwissProt database were used through the Basic Local
Alignment Search Tool (BLASTp) program [15]. A thorough procedure of performing the whole characterization
process is given in the (Figure 1).

2.2 Multiple sequence alignment and phylogenetic analysis

MEGA X: Molecular Evolutionary Genetics Analysis software was used for figuring out multiple sequence
alignment. The neighbor-joining approach was utilized with a 1000 replicates bootstrap test to determine the
percentage of replicates [16].

2.3 Physicochemical characterization analysis

ProtParam tool of (ExPASy) was used to evaluate physicochemical characteristics [17]. The server predicted
molecular weight, theoretical pl, Grand average of hydropathicity (GRAVY), aliphatic index, half-life estimation,
instability index, total positively charged (TPC) aa residues (Arg + Lys), total negatively charged (TNC) aa
residues (Asp + Glu).

2.4 Subcellular localization

Subcellular localization containing protein takes part in connection with cytoplasmic functioning of protein-
like drug targets based on average hydrophobicity of the molecule [18]. CELLO (multi-class SVM classification
system), PSORTb, SOSUIGramN, TMHMM, and HMMTOP were used to predict the hypothetical protein's
subcellular location [19].
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Figure 1 Summary of entire proccedure performed for annotation of the hypothetical protein.
2.5 Conserved domain, protein-motif, evolutionary relationship and functional annotation

For the determination of the uncharacterized protein’s function, Conserved Domain Database (CDD) from
NCBI [20] was checked for conserved domains. InterPro, HHpred, Pfam (https://pfam.xfam.org/) and smart server
[21] were used for deciphering the function of the protein. Detailed information about protein domain, protein
family for homology modelling from diverse databases were collected for analysis from Interpro and Pfam. Motif
was searched at (Genome Net https://www.genome.jp/) server for protein motif search [22]. The COILS server
confirmed the coiled coils within the protein. PFP-FunD SeqE Server performed for finding protein-folding
pattern [23]. Along with that evolutionary history, similarities of the sequences were also found through the
protein sequence and hierarchies of closely related groups of various protein families could be found also [24].

Homologous protein annotation was done manually by blast over non-redundant Uniprot sequences. Pairwise
comparison from various databases by selecting template manually was done by using Hhpred server [25].
Prediction of protein family’s function was performed by using CATH-Gene3D server where CATH
(https://www.cathdb.info/) stands for protein structures classification and structural domain location prediction
was executed by Gene3D [26].

2.6 Virulent protein sequence identification

For estimation of pathogenic potentiality, mechanisms of complex virulence of the pathogenesis can be
identified through the recognition of virulent protein in bacterial protein sequence [27]. VCIMpred and
VirulentPred tools were used for identifying the virulence factor of the unidentified protein sequence.
VirulentPred is based on a bi-layer cascade with amino acid composition, dipeptide composition, evolutionary
relationship using fivefold cross validation technique. VCIMpred is used for identifying functional protein through
amino acid pattern and composition of gram-negative bacteria [28].

2.7 Prediction of secondary structure

Position-Specific Iterative Basic Local Alignment Search Tool (PSI-blast) based secondary structure
prediction (PSIPRED), a 2D structure prediction server result acquired from “Position Specific Iterated-BLAST”,
was used to analyze the secondary structure of the hypothetical protein. The web server SOPMA (Self-Optimized
Prediction Method Alignment) was also utilized to predict secondary protein structure using the homologous
method based on primary sequence [29].

2.8 Tertiary structure prediction

The FASTA series of the suppositional protein was used to examine the 3D structure via the Swiss Cheese
(SWISS)-MODEL server. It’s based on automated comparative modeling [30]. The web server HHpred was
applied based on best scoring. Robetta web tool (https://robetta.bakerlab.org/) which is automatically predicted
protein structure tools [31]. Phyre2 server was also used for tertiary structure prediction using advanced remote
homology detection methods.



2.9 Quality assessment

SAVES, PROCHECK, PROFUNC, and ERRAT servers were used to assess the projected tertiary structure of
the hypothetical protein. Ramachandran Plot was also made by using the RAMPAGE server to find the backbone
dihedral angles y against ¢ amino acid surplus in the protein composition. A server (Varify 3D) was applied to
determine the compatibility of amino acids in a tertiary or 3D structure [32].

3. Results and discussion
3.1 Sequence retrieval and similarity

The physical location of the gene (locus) of the hypothetical protein (plasmid) [Acinetobacter venetianus] is
ABC47680 with 107 amino acids. The source strain of the target protein is Acinetobacter venetianus VE-C3. The
FASTA sequence of it is: >ABC47680.1 hypothetical protein (plasmid) [Acinetobacter venetianus]
MYTICETPLFTKYCLVYWTQEEYEEFKTFLALNPEAGDVEPNSGGIRKIRWTSGGRGKSGGVRVIYFNR
LTNGEIWLLTLYSKKQTVQLSKKTLQALVEKLNDSFND. The result of BLASTp is shown in the (Table 1
and 2).

Table 1 The output of BLASTP against UniProt/Swissprot non-redundant sequences.

Accession ID Organism Max  Total Query Identity e- Accession
Score score  coverage (%) (%) value length

WP_000288001.1 Gammaproteobacteria 221 221 100 100 8e-73 107

WP_004999436.1  Acinetobacter 220 220 100 99.07 2e-72 107

WP _109291756.1  Acinetobacter baumannii 219 219 100 99.07 4e-72 107

WP_074382630.1  Acinetobacter 219 219 100 99.07 4e-72 107

WP _152873598.1  Unclassified Acinetobacter 219 219 100 99.07 4e-72 107

While performing the similar search of the target protein by BLASTp, predictive query sequences similar to
the protein were found. A comparison of the parameter of the maximum-total score, coverage of the query
sequence, identity percentage, aa length, value was constructed. Four of the organisms are under Acinetobacter
family and the maximum- total score varies from 219-221 with 100% query coverage which indicates that these
query sequences are a good match. Identity % is around 99% on average.

Table 2 Similar protein information obtained from the UniProt database.

Entry ID Organism Identity (%) Score Value

A0A4V3D5G1 Thiopseudomonas 64.4 360 1.4e-42
denitrificans

AOA1I3VPMS Paraburkholderia 58.7 314 1.3e-35
megapolitana

S6AAF4 Sulfuricella 57.7 297 4.7e-33
denitrificans

A0A455V018 Halomonas 57.8 255 le-26
axialensis

Q3JED2 Nitrosococcus 50.0 292 3.5¢-32
oceani

The similar search acquired from the UniProt dataset showed a higher identity % at 64.4% with 360 scores,
and the organism is Thiopseudomonas denitrificans. While lowest identity is 50%, with 292 score content of
Nitrosococcus oceani organism.

3.2 Multiple sequence alignment

Using the FASTA sequences, multiple sequence alignment was performed of the unidentified protein
(ABC47680.1) and the predicted homologous annotated protein. Sequence alignment of the HPs obtained from
MEGA is shown in (Figure 2). A phylogenetic tree was also built by using sequence alignment and BLAST
results. 0.002 distance following p-distance between branches was found with a total 107 position of 5 amino
acids sequences. The complete deletion method was adopted for removing gaps and missing data.
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Figure 2 Phylogenetic tree with 0.002 distance using MEGA-7 Software.
3.3 Physicochemical attributes

By evaluating the amino acid properties of the hypothetical protein, physicochemical properties can be
identified. This performance was conducted by the ExPASy ProtPram server. The total number of amino acids is
107 with 12338.10 Da molecular weight. Among them Leu (12), Lys (9), Thr (10), Tyr (6), Val (6), Arg (5), Asn
(6), Glu (9), Gly (9), Phe (5) were in considerable number. Therefore, the highest abundant amino acid residue is
11.2% of Leu and the lowest amino acid residue is 0.9% of Met. Isoelectric point (pI) was 8.54 theoretically which
demonstrates that the protein is charged negatively. The total quantity of positively charged residues (Arg + Lys)
and the total quantity of negatively charged residues (Asp + Glu) are 14 and 12 respectively. 29.38 was the
calculated instability index (II) which reckons the stability of the target protein. Aliphatic index and GRAVY of
the unidentified protein is 81.03 and -0.427 correspondingly. This protein is polar as the value is positive.
Mammalian reticulocytes half-life of the protein, in vitro condition, is 30 h, yeast (in vivo) >20 h, and E. coli (in
vivo) is >10 h. The chemical formula of the protein is CssoHsssN1440164S3, and total atom number is 1739.

3.4 Subcellular localization

Determination of protein residues can be found by performing subcellular localization. Subcellular location
affects functional properties, genome annotation, and determination of interaction. Enumeration of the subcellular
location of the protein is in the cytoplasmic area through performing the servers CELLO 2.5, PSORTD,
SOSUIGramN. Scores from PSORTb exhibited a cytoplasmic membrane score 2.00, score of outer membrane
2.00 of 2.00 score of periplasmic and extracellular cell. Eventually, the result from TMHMM 2.0 and HMMTOP
computed that this protein has no transmembrane helices. This result have distinctive role in characterizing
putative role in therapeutic industry.

3.5 Conserved domain, protein-motif, evolutionary relationship, and functional annotation

Primitive methods of annotation and finding the function of uncharacterized protein is to compare the
similarities and dissimilarities of a standard protein sequence with the HPs data. The result of BLASTp against
the nonredundant Uniprot/SwissProt database is shown in (Table 2).

The distinct function of protein in association with sequence pattern from domain and functional motif
performing the biological role with folding pattern came to known to all. From CDD tool one domain was found
of ParE_toxin superfamily which (accession No cI21503) consists of OB-fold protein (Figure 3). Here ParE is the
toxin family of type II with anti-toxin system of which amino acid residue is 35-97 along with e-value of 6.41e-
03. ParE consists of DNA sequence homology with distinct cellular mechanisms and targets [33]. Here the
analysis plays a pivotal role for discovering surviving ability of the bacteria.

Pfam server analyzed the protein sequence and found 3 matches named RelE, Phage CRI (Phage replication
protein) and ATP-grasp 2. E-value of these 3 family are 2.5¢-05, 0.03 and 0.16 respectively. The amino acid
residue of this HPs is (19-106), (46-107) and (42-103) correspondingly. InterProScan server Toxin HigB-2 family
was observed which is found in Vibrio cholerae [34]. The same output was found from the Motif server. SMART
server found no hidden domain with 53-64 amino acid residue. PFP-FunDSeqE server found OB-fold
(oligonucleotide/oligosaccharide-binding fold) with 5/6 stranded closed beta-barrels and 70-80 amino acid
residues. In the graph, x-axis illustrate the amino acid position in the protein and the y-axis presents coiled coil
along with that “window” showing the width of amino acid scanned at one time.
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Figure 3 (A) Coils server describing amino acid residual; Windows 21(Blue), 14(Green), 28(Red); (B) Motif-
Finder for functional annotation; (C) CDD for finding functional notation of the hypothetical protein.

3.6 Virulent protein sequence identification

VirulentPred tool found that the hypothetical protein is a virulent bacterium, and the score is 0.9845. Virulent
bacteria can cause infection to host organisms and disease infection is occurrs. VICMpred tool analyzed a different
functional group of the unidentified protein and found cellular process, metabolism, information molecule, and

virulence factor 1.0145319, -0.84963815, -1.6089141, and -0.033705256 respectively. The predicted functional
class is “Cellular process”.

3.7 Evaluation of secondary structure

Prediction of the secondary composition of the unidentified protein (ABC47680) was performed by SOPMA
which shows the result of helix, bridge, strand, turn, coils and states of protein in association with protein
interaction function [35]. The result showed that alpha helix is 35.51%, the extended strand is 26.17%, beta turn
is 10.28% and the random coil is 28.04%. PRISPRED server was operated to cross-check the finding along with
SYMPRED. The predicted illustrative secondary constitution of the HPs (ABC47680) is shown in (Figure 4).
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Figure 4 Predicted model of secondary structure. (A) Computation of secondary structure from PSIPRED server.
(B) Structure analysis by SOPMA server. (C) Secondary structure prediction by SYMPRED Server using PSI-
BLAST algorithm.

3.8 Predicted 3D structure explanation

When only amino acid sequences are available of any unidentified protein then homology modeling or
comparative modeling tools are preferable to identify structural role of the protein. Meticulous information of
protein-protein interaction for static conformation is determined in this analysis. More than 30% sequence identity
is considered as accuracy equivalent to low-resolution X-ray structure whereas less than 30% accuracy isn’t
considered at all [36]. Homology modeling was done by SWISS-MODEL server with 36.89% sequence identity,
0.96 coverage and hetero-dimer oligo state (PBD ID 5ja8.2). The crystallographic resolution was 2.49 A of the
model which followed the X-ray diffraction method. Estimation of global quality, local quality, protein size
residue and alignment of the model template is illustrated in (Figure 5).
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ABC47680 (A) global quality estimation, (B) local quality estimation, (C) quality comparison.

From the Robetta server confidence was found 0.83 using RoseTTAFold modeling method where 1 is good,
and 0 is bad. HHpred server found 99.8% similarity of a model (PDB ID: SMJE) with 98.59 template score.
Phyre2 web server predicted 100% confidence with 88% coverage by single highest scoring template and the PDB
molecule is toxin higb-2. Putative binding site for other proteins of this HPs, was predicted by building the tertiary
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structure of the protein. Predicted viable 3D figure of the protein is shown in (Figure 6).

(A) (B)

© (D)

Figure 6 (A) Predicted Tertiary model using SWISS- MODEL, (B) structure from Robetta web server, (C)

HHpred webtool, (D) computed structure from phyre2 server.
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Robetta server predicted 3D structure with 100% accuracy which in comparison to other servers gave a more
valid structure and no other more closely related server could be found. Enumerating the legitimate structure of
any protein more than 90% of the residues will have to be in the favored location, score of 80% amino acid >=
0.2, 95% or higher quality factor presence [37]. In the Ramachandran plot, in the most favored region amino acid
is 98.02% (Figure 7).
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Figure 7 Ramachandran plot using SWISS server of Acinetobacter venetianus (A) General, (B) Glycine, (C)
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Based on these determinants, the model obtained from Robetta was considered an ideal model. These
structures were cross-checked by using quality assessment tools from Swiss-Prot, HHpred, phyre2 and Robetta is
shown in (Table 4).

Table 4 Result of quality assessment tools.

Server ERRAT Verify 3D (percentage of residues that Procheck (% residues in
(Quality have averaged 3D-1D score >= 0.2) (%) most favoured region)
assessment) (%)

SWISS-Model  91.7973 99.93 95.6

HHpred 92.8571 91.06 87.6

Phyre2 73.3333 67.33 92

Robetta 97.8261 100 93.5
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3.9 Working principle and future work prediction

ParE toxin obtained from this study, has a restricting ability of E. coli gyrases and can kill bacterial cells using
quinolone antibiotic mechanism. Cell growth constriction and bacterial membrane disruption occur due to ParE
toxin which is already an established study [38]. A. venetianus is found hazardous to the shrimp industry, hence
it shouldn’t grow along with shrimp production. Bacterial persistence in the type-II system is bounded by antitoxin
protein which restricts the activity of the persistent protein. DNA binding proteins affect antagonistically during
transcription [39].

DNA replication creates its copy which plays an important role in the growth and renewal of cells [40]. PerE
toxin causes extensive cell damage by stopping DNA replication. Although it is damaging to human health, the
protein can be utilized against animals that are harmful to humans because of this ability. Different types of
complex chemical compounds using the protein in genomic approach insecticides can be made from this protein
to eradicate harmful pests of crops. Through the application, damage of DNA inside the cells of the target species
occurs and ultimately the desired target is dead. This can be a significant economical and profitable aspect of use.

4. Conclusion

The current study was carried out to identify the potential role and function of Acinetobacter venetianus’s
undefined protein through the in-silico method in the form of a table, clarification, domain identification,
phylogenetic characterization and secondary-tertiary structural view. Target uncharacterized protein revealed
significant attributes like cytoplasmic mold, ParE_toxin domain and OB-fold (oligonucleotide/oligosaccharide-
binding fold). The protein can stop the growth of the cell and destroy the cell with the ability to generate chemical
compounds inhibiting environmental antagonists like deadly oceanic bacteria and soil inhibiting bacteria. As the
bacteria thrives in humid climates and propagates very quickly through tissue culture, laboratory work can be
anticipated altogether. In the future, finding the biodegrading capability, genomic activity, phenotypic nature and
proper mechanism of working through molecular docking should perform for better understanding. Further use in
bioremediation and bio emulsifiers can also be explored. Binding mode identification for getting interaction with
plants of the bacteria should be studied.
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